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Summary 
Many unique features of the growing skeleton pose specific challenges in 
imaging skeletal trauma. Differences in the composition and development of 
the pediatric skeleton (as compared with adults) result in characteristic injuries 
and fractures. The imaging of these injuries typically begins with plain films, 
and most cases require no further radiologic evaluation. However, several 
other imaging modalities may be used in certain cases, depending on the 
clinical history, physical examination and initial radiologic studies. Computed 
tomography (CT) and magnetic resonance imaging (MRI) are the most 
frequently used adjunctive imaging studies performed in pediatric patients 
with suspected skeletal trauma. 
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 Introduction 
The musculoskeletal injuries are common in children and adolescents and 
their incidence had been increasing in the past twenty years because of the 
widespread use of motorized and high-speed wheeled vehicles [1, 2]. 
Nowadays they account for 15-20% of causes of admission in the emergency 
department, but thanks to the unique properties of immature bone, in most 
cases the anatomical damage has a modest extension and a great healing 
capacity after an adequate treatment. Nevertheless, in order to avoid a 
deformity, the diagnosis and the therapy must be prompt, especially when the 
lesion involves the physis. The young boys are affected more than girls and 
the elbow and the wrist fractures are usually the most frequent ones. However 
the carpal fractures are rare in children and, when they occur, often involve the 
scaphoid [3, 4]. Children often are difficult to examine, and so, the physical 
examination may be somewhat short, negative, or even obtuse. Infants often 
cry at the sight of an intruding physician, and so the physical examination may 
be very difficult. At this point, the physician usually proceeds to laboratory 
and imaging investigation. Both sources of information are important, but 
imaging usually is the most important part of this investigative cohort [5, 6]. 
 
 
 
 Bone development and anatomy 
The histological structure and the biomechanics of the pediatric bone are 
different from those of the adult, determining peculiar musculoskeletal 
injuries, healing mechanisms and a different management [7, 8, 9]. The 
skeletal injuries in children vary according to the age in relation to the 
anatomical, biomechanical and physiological features typical of the maturing 
skeleton influenced by endocrine factors such as growth-hormone (GH), 
tiroxine, estrogen and testosterone. The pediatric bone is less dense, more 
porous and penetrated throughout by capillary channels, respect to the adult 
one. The lower bending strength and elasticity of the immature skeleton 
determine more strain and allows for greater energy absorption before failure. 
At the same time its higher sponginess prevents propagation of fractures and 
reduces the incidence of comminuted forms. The children’s periosteum is 
stronger and thicker than the adult one, both functioning in reduction and 
maintenance of fracture alignment. Moreover, thanks to its rich 
vascularization, it plays an important role in a faster bone healing [10, 11]. 
Another important difference between the pediatric and the adult skeleton 
relies on the cartilaginous growth plate which is able to absorb the traumatic 
energy prior to get fractured. On the other side it represents a locus of minor 
resistance, because the higher resistance and flexibility of tendons and 
ligaments compared to the physis may lead to its disruption or avulsion. The 
changes during the puberty, such as the increase of muscle strength and the 
rapid growth, together with the peculiar pediatric bone structure, explain why 
the avulsion-plate fracture is more common in children [12, 13]. Its late 
diagnosis and treatment may determine abnormalities in skeletal maturation or 
growth arrest and so a paramount attention must be posed in the clinical 
suspicion of a physeal injury. The two physiological mechanisms of bone 
production and development are endochondral (long bones) and 
intramembranous ossification (flat bones). In the long bones of the immature 
skeleton we can describe four main regions: diaphysis, metaphysis, epiphysis 
and physis [12, 14]. The diaphysis is the elongated shaft characterized by 
variably mature lamellar bone covered by thick periosteum. The metaphysis is 
the wide area below the physis and closest to the diaphysis and it is constituted 
by a spongy, inner substance covered by thin laminar cortical bone. At each 
extremity of the bone there is the epiphysis, which contains the ossifying 
centre and the cartilage covered articular portion. The growth plate, or physis, 
lies between the epiphysis and the metaphysis; it is represented by cartilage 
cells that create solid bone with growth and it is responsible for the majority of 
longitudinal bone development. It is very important to preserve its integrity in 
order to avoid abnormalities of the skeletal growth. Another key component is 
the periosteum, which is a circumferential, thick, nutrient layer, which serves a 
major role in healing the outer layer of bone [1, 11, 15].  
 
 
Pediatric fracture patterns 
The mechanism of the fractures vary according to the children age [2, 3, 7, 10, 
13]. Younger kids are more likely to sustain a fracture while playing and 
falling on an outstretched arm, while the older ones tend to injure themselves 
while playing sports, riding bicycles, and in motor vehicle accidents. It must 
be kept in mind that the child’s ligaments are stronger than those of an adult; 
consequently the traumatic forces, which could determine a sprain in an older 
individual, will be transmitted to the bone and cause a fracture in a child. 
Caution should therefore be exercised when assessing a young child diagnosed 
with a sprain. These differences between children and adults skeleton result in 
different fracture patterns [16, 17, 18, 19], which in the pediatric age are 
represented by: complete fractures; plastic deformations; buckled fractures; 
greenstick fractures; apophyseal injuries and physeal fractures (Fig1.).  
 
Fig. 1 A drawing representing the different fracture patterns in pediatric age. 
A complete fracture is a break that runs the entire width of a bone and it is 
classified as spiral, transverse, or oblique, depending on the direction of the 
fracture line [2, 5]. The spiral fractures are usually caused by a rotational, 
low-velocity force (Fig.2). 
  
Fig. 2 Spiral Fracture. Female, 14 years old, after a motor-vehicle accident. The anterior X-ray shows a 
spiral displaced fracture of the diaphyseal tibial shaft (arrow). 
 An intact periosteal hinge enables the orthopedic surgeon to reduce the 
fracture by reversing the rotational injury [1, 8]. The oblique fractures occur 
diagonally across the diaphyseal bone and they are unstable, therefore an 
alignment is necessary (Fig.3). 
 
Fig. 3 Oblique and transverse fractures. Female, 3 years old, fallen accidentally downward a table. The 
anterior (fig.3.1) and the lateral (fig. 3.2) plain films display an oblique fracture of the ulnar shaft 
(dashed arrow) and a transverse fracture of the radial diaphysis (arrow), both angulated. 
 
  
A fracture reduction is attempted by immobilizing the extremity while 
applying traction [3]. The transverse fractures are determined by a three-point 
bending force and usually they are easily reduced by using the intact periosteal 
layer from the concave side of the fracture force (Fig.4).
 
Fig. 4. Transverse, displaced fractures: Male, 7 years old, fallen from bicycle with the outstretched 
forearm. The X-rays show a transverse, displaced fracture of both radial and ulnar shaft (arrows) in the 
anterior (fig. 4.1) and in the lateral plain film (fig. 4.2) and the following reduction in cast (fig. 4.3). 
 
 
 
 
 Many of them involve the upper extremities [10, 11] and the clavicle is a 
typical example (Fig.5). 
 
Fig. 5. Clavicular fracture. Male, 3 years old, fallen from a cock horse. In the anterior X-ray there is an 
undisplaced transverse fracture of the right clavicular shaft (arrow). 
 
 
 In most cases the fracture of the clavicle concern the outer third and it is the 
consequence of a direct blow to the acromion which causes the epiphysis 
(firmly anchored by the strong acromioclavicular ligaments) to separate from 
the growth plate and ride upward. The complete mid-shaft clavicular fractures 
are rare and the medial fragment is usually elevated by the 
sternocleidomastoid muscle, so that it can be easily displayed on the plain 
films [12]. The fracture of the distal humerus are more common in children 
than in adults, but the diagnosis may be difficult owing to the numerous 
ossification centers. In 60% of cases the fracture concern the supracondylar 
region and it is crucial to promptly immobilize the arm in order to avoid a 
neurovascular injury (Fig.6). 
 
Fig. 6. Supracondylar humeral fracture. Female, 33 months old. Slipped while running. The anterior (fig. 
6.1) and the lateral (fig 6.2) plain films display a slightly displaced supracondylar humeral fracture 
(black arrows) and the posterior fat pad sign (white arrows). In the fig 6.3 a schematic drawing of the 
anatomic explanation of the fat pad sign. 
The lateral condyle and medial epicondyle fractures have a lower incidence 
(respectively 15% and 10%) and the consequence of a delayed diagnosis is 
severe, since the former has a high potential for nonunion and the latter may 
be frequently associated with an ulnar nerve injury. The fat pad sign [20, 21] 
may be the radiological manifestation of an occult fracture in the elbow and it 
is determined by the distention of a structurally intact joint capsule. Three 
small masses of fat rest in the radial, coronoid, and olecranon fossae and are 
enveloped by the fibers of the joint capsule, which separate the fat pads from 
the synovial lining, making them intracapsular and extrasynovial in location. 
When there is a joint distention, the anterior fat pad is displaced anteriorly and 
superiorly and the posterior fat pad is displaced posteriorly and superiorly. 
The previously invisible posterior fat pad becomes visible on the lateral 
radiograph of the elbow held in 90° of flexion. However it must be 
remembered that non only hemarthrosis or joint effusion due to trauma, but 
also infections, inflammations or neoplasms can distend the joint capsule and 
displace the fat pads [21]. The proximal humeral fractures are rare (about 1% 
of all the pediatric fractures) and they may be determined by an underlying 
pathology, such as a bone cyst or a benign tumor (Fig.7).        
 
	  
Fig.	  7.	  Proximal	  humeral	   fracture.	  Female,	  8	  years	  old.	  Fallen	  during	  sport	  activity.	  The	  anterior	  plain	  
films	  show	  a	  complete,	  displaced,	   fracture	  of	   the	  proximal	   left	  humeral	  metaphysis	   (arrow	   in	   fig.7.1)	  
treated	  with	  surgical	  repair	  (fig.	  7.2). 
 Since the proximal humerus provides for the majority of the longitudinal 
growth of this bone and has therefore a high remodeling potential, the surgical 
treatment is not required and up until the age of 5 years old a slight degree of 
fragment angulation is tolerable for a good healing [22, 23]. The forearm 
fractures are the most frequent in children and they are usually associated 
fractures, meaning that both the radio and the ulna (Fig.4; Fig.5) or the distal 
radio-ulnar joint are involved at the same time [11, 23]. In children the most 
common forearm fractures concern the distal region of the radio and they are 
similar to the adult ones both for features and traumatic mechanism (typical 
are the Colles’ fracture and the Smith's fracture). The only difference with 
elderly patients consists in the treatment, as in children these fractures usually 
do not involve the joint and the bones have a high remodeling potential so 
major angulations may be tolerable [24, 25]. The injuries of the proximal 
region of the radio usually involve the “neck” (Fig.8)                                                   
 
Fig. 8. Radial neck fracture. Male, 17 years old, fallen with an open hand on the outstretched and 
externally rotated arm. The anterior radiograph reveals an undisplaced fracture of the metaphyseal 
portion of the radial neck (arrow). 
 
because the epiphysis is cartilagineous until the age of 3-6 years and it is 
therefore more resistant to trauma forces. The mechanism is a fall with an 
open hand on the outstretched and externally rotated arm. The radial fractures 
may be classified according to the Judet classification [26, 27] which is based 
on the angulation between the fragments into four grades of severity (Fig.9).
 
Fig. 9. Diagram illustrating the classification of fractures of the radial neck by Judet et al. : grade I, 
undisplaced fracture; grade II, α < 30° (angulation of radial neck), S < 1/2 diameter of radial shaft 
(translation <50%); grade III, α = 30° to 60°, S <1/1 diameter of radial shaft (translation <100%); grade 
IV, α = 60° to 90°, S>1/1 diameter of radial shaft (translation >100%). 
 
A particular kind of associated injury of radio and ulna is the Monteggia 
fracture that involves the proximal region of the ulna and is associated with 
the anterior dislocation of the proximal radio [1, 11]. The fractures of the 
lower extremities in children are rarer than in adults due to the thick 
periostium and the greater content in cartilage that allows a traumatic energy 
absorption. Pelvic, sacrum and femoral injuries are all uncommon and they 
account for 2% to 8% of all pediatrics fractures. The tibial trauma are slightly 
more frequent, usually happen in the young boys from 8 to 13 years old and 
they are caused by a fall on the outstretched and internally rotated leg, as in a 
bicycle fall. The same mechanism in the adult may led to an injury to the 
anterior “cruciate” ligament, while in younger patients may cause the fracture 
of the tibial spine. The injuries of the tibial shaft are frequent especially when 
infant begins to walk (from 10 months to 3 years old) and so they are usually 
called toddler's fractures (Fig.10).  
 
Fig. 10. Toddler’s fracture. Male, 3 years old. The spiral fracture of the third distal of the right tibial 
shaft is easily displayed in the anterior plain film (fig. 10.1) but it is very difficult to be appreciated in 
the lateral radiograph (fig.10.2) 
 
 
 
 They are often closed and incomplete [4, 11, 28, 29]. A plastic deformation 
(or bowing fracture) occurs when a traumatic force produces microscopic 
failure on the tensile (convex) side of a long bone which does not propagate to 
the concave side. Consequently the shaft is angulated beyond its elastic limit, 
resulting in a persistent deformation (Fig.11). 
 
Fig.11. Plastic deformation. Male 5, years old, fallen from a table on the overstretched arm. A 
comparative X-rays study of the forearms was performed in anterior (fig.11.1) and lateral projection 
(fig.11.2). There is a plastic deformation (bowing fracture) of the left radial shaft which is clearly 
appreciable only in the lateral plain film (fig. 11.2, arrow). This case underlines the importance of the 2 
orthogonal plain films in the evaluation of pediatric skeletal injuries. 
 
  The cortex, under the periosteum, has a lower mineral content than the adult 
one and an increased porosity, due to larger and more abundant Haversian 
canals; this allows the bone to bent, buckling or bowing but not to break when 
compressed [13, 15]. In this particular type of injury there is not an evident 
fracture line but numerous microfractures on the concave surface of the 
diaphysis with an intact cortex on the convex side. It is most common in the 
forearm, especially in the ulna, associated with fracture of the radium, but 
occasionally it can involve the fibula, the tibia and the clavicle. The plastic 
deformation can occur isolated but more commonly it happens together with a 
fracture of the adjacent bone, meaning that the presence of a fracture in a 
pediatric skeletal segment should suggest the radiologist to look for 
deformation in the other one. Sometimes there is a detachment of the 
periosteal surface with a hematoma. The diagnosis of a bending fracture, often 
difficult, may be easier using the of comparative plain film views [30]. A 
plastic deformation of the clavicle, consequent to a fall on out-stretched hand 
or a direct blow to the shoulder, is especially easy to be missed, even with the 
comparative views, which will shows a mild asymmetry of the shafts. A 
bowing fracture sometimes must be straightened or broken to effect reduction 
[17, 20, 22]. The buckle fracture (or torus fracture) is the result of a 
compression failure of bone that usually occurs at the junction of the 
metaphysis and the diaphysis, where the cortical is less thick, owing to the 
prevalence of the spongious bone (Fig.12). 
  
Fig.12. Buckle fracture. Male, 10 years old; fallen while playing soccer. The anterior (fig. 11.1) and 
lateral (fig. 11.2) plain films show a classic type buckle fracture of the third distal of the left radial 
diaphysis (arrow). 
 
 The term “Torus” comes from the Latin world which was referred to the 
enlargement that separates the capitellum from the body of the classical 
column and it is due to the characteristic angulation of the cortex following a 
pure axial force applied on a hyperextended or hyper flexed bone segment. It 
is the commonest fracture in children and it is easily missed [1, 3], because the 
only radiological sign is an angled buckle caused by the trabecular 
compression, while the periosteal and cortical layer on the other side are intact 
(Fig.13).
 
 
Fig.13. Buckle fracture. Female, 3 years old, fallen downward from a slide on the overstretched arm. The 
left radial metaphyseal buckle fracture (arrow) is clearly appreciable only in the lateral plain film 
(fig.13.2), while it is difficult to be identified in the comparative anterior plain film (fig.13.1) because the 
injury involves exclusively the dorsal profile of the radial metaphysis. 
 
 
 
 
 
 
 
 
  
 
The typical traumatic mechanism is a fall over an overextended limb with 
bending of the bone and compression on the concave side interested: this 
occurs most commonly at the distal radius following a fall on an outstretched 
arm. Other common sites for the torus fractures are the wrist (Fig.14), the 
elbow and the ankle [30].  
 
Fig.14. Buckle fracture. Male, 13 years old, fallen on the overstretched arm while walking on a wet 
board. The anterior plain film shows a buckle fracture of the cortical bone of the scaphoid (arrow).  
 
 
 
 
 
Buckle (torus) fractures are common in infants and children and generally 
occur through the metaphyses of long bones (Fig.15).  
 
 
Fig.15. Combined fractures: M, 14 years old; injured at the left forearm, after a motor vehicle collision. 
The anterior (fig.15.1) and the lateral (fig.15.2) plain films show a transversal, displaced fracture of the 
distal radial metaphysis (arrow), a buckle fracture of the distal ulnar metaphysis (dashed arrow) and a 
scaphoid buckle injury (arrowhead). 
 
 
There are two different types of buckle fractures [31]: the classic and the 
angled form (Fig.16).  
 
 
Fig. 16. A drawing representing the mechanism of injury in the buckle fractures. In the classic form an 
axial loading results in a transverse, buckle fracture with an outward cortical bulging. In the angled form 
the same axial loading forces are present, but other associated rotational forces result in an unilateral 
compression along the metaphysis and angulation of the cortex. 
 
 
 
The classic form result from axial loading of the long bone with resultant 
compression of the bone and buckling of the trabeculae along the fracture line. 
This leads to outward, decompressive, unilateral or bilateral bulging of the 
cortex at either end of the fracture line. In the angled form however, only 
angulation of the cortex is seen and it usually results from initial axial loading 
on a long bone, but in addition, associated forces in varus, valgus, hyper 
extension, or hyper flexion. Depending on which of these is present, the 
fracture will be seen on the dorsal, ventral, medial, or lateral aspect of the 
involved long bone [28, 30, 31]. Even if an underlying trabecular compressive 
fracture is always present in these patients, they usually are not appreciable at 
the initial time of injury. However, substantiating sclerosis along the fracture 
zone attests to their presence. The angulated buckle fractures usually are 
isolated, subtle, and easily overlooked. However, once one becomes familiar 
with their appearance and where they tend to occur, one can diagnose them 
with more certainty, especially if comparative views are utilized. Soft tissue 
changes (soft tissue swelling and fat pad obliteration or displacement) also are 
important as they serve to focus one’s attention on the site of injury and so 
cause one to look more closely for a possible fracture. The Buckle fractures 
are inherently stable and usually heal in 3-4 weeks with simple immobilization 
[17, 20, 23]. The greenstick fracture is an incomplete fracture of the 
metaphysis or diaphysis of the long bones (Fig.17).
 
Fig. 17. Greenstick fracture. Female, 8 years old; slipped while walking on a wet board. The anterior 
(fig.17.1) and the lateral (fig.17.2) plain films reveal a greenstick fracture (arrows) of the right, distal, 
radial metaphysis. A swelling of the adjacent soft tissues is also present. 
 
 
The name “Greenstick” comes from the association with green, fresh wood 
which similarly breaks on the convex side when bent, without a complete line 
of fracture. It occurs when the traumatic force (an angulated longitudinal force 
or perpendicular force, like a direct blow) causes a disruption of the convex 
surface of the shaft, but it is not enough to break completely into separate 
pieces [3]. It is sometimes associated with plastic deformation on the opposite 
side. The typical site is the diaphysis or the metaphysis of the wrist. This 
fracture usually requires immobilization, but if the shaft undergoes a plastic 
deformation, it is necessary to break the skeletal segment on the concave side 
to restore a normal alignment, as the plastic deformation recoils the bone back 
to the deformed position. While the physes is the primary ossification centers 
(located at the ends of the long bones) and is responsible for longitudinal bone 
growth, the apophyses is the secondary centers of ossification (found where 
major tendons attach to bone) and provide contour and shape to growing 
bones without adding length. Since cartilage is less resistant to tensile forces 
than bones, ligaments, and muscle-tendon units, these growth centers are the 
weakest links in the musculoskeletal chain. The same injury mechanisms that 
cause muscle strains and tendonitis in adults result in growth center injuries in 
children and teens [32, 33]. The apophyseal injuries usually occur in 
adolescents playing sports  and are often described on the hip bones (ischial 
tuberosity, iliac spine, pubic ramus, iliac crest, greater and lesser trochanter), 
the knee (inferior pole of the patella and anterior tibial tubercle) and the spine 
(secondary ossifying site of the vertebral soma) owing to the greater number 
of growing plates of these bone districts [34, 35]. Usually they can be 
diagnosed by history and physical examination and radiographs are needed to 
rule out fractures or bone lesions, when the presentation is less clear.  
 
 The ultrasonography (US) and magnetic resonance imaging (MRI) play a 
major role in the definition of the type of lesion and in the depiction of the 
ligamentous and tendinous compartment [36] (Fig.18).   
 
Fig.18. Apophyseal injury of the right anterior-inferior iliac spine (AIIS) in a twelve years old boy 
during a soccer game, after a wide kicking. The ultrasonographic examination (using a linear, 7,5 MHz 
probe), performed after the arrival of the young patient in the emergency department, shows an avulsion 
of the right AIIS (fig.18.3, dashed arrow) and a normal AIIS on the other side(fig.18.4, arrow). The AIIS 
is the insertion of rectum femoris muscle. In the following radiographic examination the spine avulsion 
is well appreciable only in the oblique plain film (fig.18.2, arrow) while the anterior plain film is near 
normal (fig.18.1). 
The physeal fractures are those involving the growth plate, that is the weakest 
area in children’s bone and they represent approximately 15% of all fractures 
in children. The distal radial physis is the most frequently injured one. Most 
physeal injuries heal within three weeks and, as a consequence, there is a 
limited window of time for reduction of deformity. The damage to growth 
plate may result in progressive angular deformity, limb-length discrepancy or 
joint incongruity [18].  
 
 
 
 
 
 
 
 
 
 
 
The Salter-Harris (S-H) classification continues to be the most commonly 
used system for characterizing them and it consists of five types of injuries, 
which are listed by their location (Fig.19).  
 
 
Fig. 19. A drawing representing the Salter-Harris (S-H) classification system of the physeal injuries. S-H 
type 1 (fig.19.1). S-H type 2 (fig.19.2). S-H type 3 (fig.19.3). S-H type 4 (fig.19.4). S-H type 5 (fig.19.5) 
 
 
The importance of this classification system is to plan a correct treatment and 
so to decrease the risk of growth disturbances and angular deformities [33, 37], 
as children’s bones heal faster than adults’ ones due to their stronger 
periosteum. The S-H system divides the fractures into five categories [9, 24] 
depending upon the type of damage to the growth plate and a mnemonic way 
to remember them is the acronym SALTR (Slip of physis: type 1. Above than 
physis: type 2. Lower than physis: type 3. Through the physis: type 4. 
Rammed physis: type 5). The type I S-H fractures (Fig.20)  
 
 
Fig. 20. Salter-Harris type 1 fracture: Male, 13 years old, after falling onto the outstretched hand. 
Avulsion of the distal epiphysis of the radius with superior fragment dislocation. 
 
occur when there is a complete separation of the entire physis (usually through 
areas of hypertrophic and degenerating cartilage cell columns) and the 
surrounding bone is not involved. The plain X film appears normal because 
the physis is radiolucent; reduction and immobilization is needed because 
healing is rapid and the risk of complications after immobilization is 
extremely low [33]. The type II S-H fractures are the most commonly 
diagnosed on X-Ray (Fig.21); 
 
Fig. 21. Salter-Harris type 2 fracture. Female 9 years old. The lateral and oblique X-Rays (respectively 
in Fig. 21.1 and Fig. 21.2) show an injury the right distal tibial physis (dashed arrow) which continues up 
through a small section of the metaphysis (arrow). In the anterior plain film (Fig. 21.3) only a right 
peroneal distal shaft fracture is clearly appreciable (arrowhead). 
 
the fracture involves the physis and continues up through a small section of 
the metaphysis.  
 
 
 
 
 
This fracture is triangle-like and the periosteal layer is torn on the opposite 
side of the metaphyseal injury, but it is still intact on the adjacent side: the 
so-called Thurston-Holland sign (Fig.22).  
 
Fig. 22. Salter-Harris type 2 fracture. Male, 9 years old; injured while playing basketball. The anterior 
plain film shows a fracture of the proximal phalanx of the thumb with a physeal injury (arrow) and a 
metaphyseal fracture (dashed arrow). 
After an immobilization the healing is usually quick and the complications are 
uncommon [33, 38].  
 
 
  
The type III S-H fractures run along the joint surface and persist deep into the 
epiphyseal plate; they are relatively uncommon and usually they involve the 
distal tibial or peroneal bone (Fig.23).  
 
Fig. 23. Salter-Harris type 3 fracture: Female, 9 years old; pain after ankle sprain. The anterior 
comparative X-Ray of ankles shows a fracture that runs along the joint surface into the epiphyseal plate 
of the left peroneal malleolus (arrow). 
  
A surgical approach is often required to ensure a proper alignment of the 
fragments. However the prospect of recovery is positive as long as the 
vascular supply to the bone remains intact [19, 33].  
 
  
 
The type IV S-H fractures start above the growth plate, in the metaphysis, and 
cut all the way through the epiphysis (Fig.24); 
 
 
Fig. 24. Salter Harris type 4 fracture: Male, 16 years old, injured during a soccer tackle. The lateral plain 
film (Fig. 24.1) of the right ankle shows an oblique fracture of the peroneal shaft (dashed arrow) and an 
injury of the distal tibial metaphysis and epiphysis can be hardly perceived (arrow). Then a CT study 
was performed (fig.24.2) and the Salter-Harris type 4 fracture (arrow) is better displayed. 
 
these fractures are usually caused by axial loading or shear stress and 
comminution is common. Since this fractures damage the joint cartilage, the 
normal growth of the individual may be impaired and a surgery is required in 
order to properly re-align the joint surface [19]. The Type V S-H fractures 
consist of a crushing of the physis; this is the hardest fracture type to diagnose 
and the most difficult to heal. This injury is most likely to occur in the 
weight-bearing joints of the knee and ankle (Fig.25).  
 
Fig.25. Salter-Harris type 5 fracture: Female, 15 years old; ankle sprain while dancing. The anterior plain 
film (fig.25.1) shows a fracture of the third distal of peroneal diaphysis (dashed arrow) and a 
Salter-Harris type 5 fracture (arrow) which is better appreciable in the CT scan executed subsequently 
(fig. 25.2). 
 
The crush injuries result in the disruption of the epiphyseal vascular system 
and in the death of the growth plate cartilage; this is why type V fractures 
always have an increased risk of pre-mature fusion [22, 39, 40]. 
 
 
 
Birth fractures 
Fetal injuries are rare in both vaginal and caesarean deliveries and they usually 
do not have late consequences and are rarely associated with neurological 
trauma [11, 22]. The commonest type involves the clavicle, but fracture of 
long bones such as the humerus and femur, Monteggia fracture dislocation or 
rib fracture have been reported. In the clavicle most cases the injury involves 
the middle third of the shaft, while, when the distal third is fractured, it might 
be the result of a non accidental trauma. The fracture may be incomplete or 
complete, closed or open and usually the diagnosis is made with plain film or 
with ultrasonography, the latter being the favorite in order to avoid x-ray 
exposure [35].  The risk factors for a birth fracture are: maternal age, birth 
weight, prolonged labor, prematurity, macrosomia, malpresentation, shoulder 
dystocias, cephalopelvic 
Disproportion, forceps assisted delivery and obstetric maneuvers in Caesarean 
section (even if it is usually considered to be safer). When fetal injuries occur 
it is important to exclude metabolic diseases such as hosteogenesis imperfecta. 
The birth fracture usually repair very quickly and the fibrocartilage callus is 
complete in 7-12 days [6, 12, 16]. 
 
 
 
 
Differences between Pediatric and Adult Fracture Healing 
 
The fracture remodeling is a process that occurs over several months 
following injury as a child’s bone reshapes itself to an anatomic position. The 
amount of remaining bone growth provides the basis for remodeling. So the 
younger the child, the greater remodeling potential, and the less important 
reduction accuracy is. The factors influencing the amount of remodeling are: 
the age (younger children have greater remodeling potential); the location 
(fractures adjacent to the physis are associated with a greater amount of 
remodeling); the degree of deformity and the plane of deformity with respect 
to adjacent joint (remodeling occurs more readily in the plane of a joint than 
with deformity not in the plane of the joint) [12, 16, 22]. The overgrowth is a 
growth acceleration caused by physeal stimulation from the hyperemia 
associated with fracture healing and it is prominent in long bones (in example 
femur and humerus). It is usually present for six months to one year following 
injury and it does not present a continued progressive evolution unless 
complicated by a rare arterial-venous malformation. If the child is older than 
ten years of age, the overgrowth is less of a problem and anatomic alignment 
is recommended [7, 9, 40]. The progressive deformity with growth is the 
complication of a physeal injury and the most common cause is a complete or 
partial closure of growth plates. The deformities can include angular 
deformity, shortening of bone, or both. Its magnitude depends upon the physis 
involved and the amount of growth remaining. The rapid healing of pediatric 
fractures (faster than adult’s ones) are due to children’s growth potential and a 
thicker, more active periosteum, which contributes the largest part of new 
bone formation around a fracture. As children reach their growth potential, in 
adolescence and early adulthood, the rate of healing slows to that of an adult. 
The downside of the rapid healing is a refracture [9, 15, 22, 25]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Clinical evaluation 
 
The initial approach to pediatric fractures includes a thorough history and 
physical exam. The clinicians must keep in mind that a young child may not 
be able to describe bony pain or the circumstances of injury [2, 3, 6]. As a 
consequence the toddlers and non-verbal children may simply present with the 
refusal to weight bear or move the injured area, irritability or with a new 
deformity observed by the caregivers. The questions to include in the history 
of a child presenting with a suspected fracture include: characterization of the 
pain and presenting symptom; location (is it the pain localized to a particular 
region or does it involve a larger area?); intensity (use a pain scale from one to 
ten); quality, onset, duration and progress of pain (is it static, increasing or 
decreasing? Is it the pain radiating? There is any aggravating or alleviating 
factors?) and research of indicators of compromised neurovascular status (in 
example change in or loss of sensation, cold, pale, paralyzed limb). Other 
important considerations are: the mechanism of injury; the possibility of 
non-accidental injury or child abuse, particularly in a child with limited 
physical mobility, with an injury out of proportion to the mechanism, with 
multiple injuries, or with a suspicious mechanism of injury (for example a 2 
month old baby who developmentally cannot roll, but who “rolled off the 
changing table”) and the rare possibility of an underlying bone abnormality 
(family history of fractures, bone or collagen disorders, prior fractures, 
mechanism out of proportion to injury). The physical examination should 
always include the assessment of the joint in question and, whenever 
non-accidental injury may be a possibility, a screening exam of the entire 
skeleton, fundoscopy, as well as an abdominal and cutaneous appraisal for 
signs of trauma [12, 17]. A joint above and below the symptomatic one should 
always be evaluated. The important features to include in the examination of 
all fractures are: inspection; patient movement; discrepancy in limb length; 
palpation; assessment of local temperature, warmth, tenderness; existence of 
swelling or mass; tightness, spasticity, contracture; bone or joint deformity; 
evaluation of anatomic axis of limb; active and passive range of motion of the 
joint; neurovascular condition of the injured area (inspection of the color of 
the limb; palpation for pulses, and to elicit appropriate sensation to touch; 
temperature) and, if possible, estimation of strength in neighboring muscle 
groups. Finally plain radiographs are the first step in evaluating most 
musculoskeletal disorders. When indicated, advanced imaging may include 
nuclear bone sans, ultrasonography, CT, MRI and PET scans [5, 12, 24, 32, 
35]. 
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